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Referring to FIG. 5, a controller 70 includes a 
processor 72 and a memory 74 

interconnected by a computer bus 76. Blower 50, 
microwave source 44, thermal 

heater 56 and a temperature sensor 78 are also 
interconnected with processor 72 

via computer bus 76. Temperature sensor 7 8 may, 
for example, be located in 

cooking chamber 24 or in side chamber 28 to sense 
the temperature of the heated 
airflow 57. 
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(57) ABSTRACT 

A combination convection/microwave oven in which a food 
product is cooked by microwave energy from a source 
thereof and by a heated airflow provided by a thermal energy 
source and a blower. The food product is located in the near 
field of the microwave energy. The oven includes a control- 
ler that operates the thermal energy source and/or the blower 
according to temperature and or time to improve cooking 
results. The cooking procedure includes a soak interval 
during which the thermal energy source, the blower and/or 
the microwave energy source is turned off, whereby the 
temperature of the food product is permitted to equilibrate 
and thereby provide more uniform cooking. The food prod- 
uct may be located directly on the rack or in a microwave 
transparent or reflective container. 

3 Claims, 5 Drawing Sheets 
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COMBINATION CONVECTION/ a source of microwave energy and by a heated airflow that 

MICROWAVE OVEN CONTROLLER is produced by a thermal energy source and a blower. A 

BACKGROUND OF THE INVENTION controller operates the microwave energy source, the ther- 

. mal energy source and the blower to cook the food product 

1. Field of the Invention 5 m a CQok ^ controller i nc i u des a processor that 
This invention relates to a combination convection/ per f orms a procedure that turns the microwave energy 

microwave oven and, in particular, to a convection/ source, the thermal energy source and the blower on and off 

microwave oven with a controller and method for control- during the cook cyde according t0 either temperature of the 

ling a cook cycle of the oven. heated airflow or time the cook ^ 

2. Description of the Prior Art 10 According to an 9spctit of me invention, the procedure 
Ovens that use both microwave energy and thermal mdudes a ^ interva] during which me thermal energy 

energy transferred by convection are described in U.S. Pat. saam me Wower ^ mmed off md me microwave 
Nos. 4,358,653, 4,392,038, 4,410,779 and 4,430,541. For ssm€C fa cither on or off> lhcrcby aUo^g tempera- 
example, U.S. Pat. No. 4,430,541 discloses an oven having mrc mc food product tQ equilibrate. The soak interval 
a source of microwave energy disposed in a bottom of the 15 can occur at any point m ^ cook cycle 

oven's cooking chamber and a blower arranged in a side A ,. . A „ . . ^ it _ r j 

t . x , & i. . j a r j j * • According to another aspect of the mvention, the food 

wall to produce a heated airflow. A food product in a , ^ . 4 , . r . n . lt _ , . 

j u *u j * *u product can be situated in a microwave reflective pan that is 

container is situated above the microwave source and in the *_ . , _ . A . . - Li * 

^ r ^ t. ^ j '-a tl ** • - held on a rack by a rack suspension system at a height n 

path of the heated airflow. The container is microwave , . . J r ™ , . . t , tJ 

f . . , . , « r above the microwave energy source. I tie height his selected 

transparent in order to have as much as possible or. the 20 . « a \- 4 . - . " , „ . , 

r *. ,-• . *•_ r j j * so that the microwave reflective container is id the near field 

microwave energy directly impinge upon the food product. - . , r , . » 

T r * .1: * • • J • *u of the microwave energy, whereby the food product is 

In ovens of this type, the container is positioned in the , „ a * - j fl , 

♦4 *u * u * *• 11 . «n «f cooked by reflected microwave energy and convection of the 

microwave energy pattern so that substantially all of the . A , < ' . 4 ° J . . . 

4 4 , . „ ' . . heated airflow. This aspect provides additional cooking 

microwave energy is incident on the bottom of the container. - - . * * 

, , _ flexibility, as there is no requirement for microwave trans- 

Microwave energy can thaw and cook food products 25 pare nt cooking containers, 
rapidly, but it generally does not provide surface finishing, 

browning, or other characteristics provided by cooking in an BRIEF DESCRIPTION OF THE DRAWING 
oven environment. Accordingly, microwave ovens with 

added thermal convection energy have become popular in Other and further objects, advantages and features of the 

the restaurant industry. When prior art combination 30 present invention will be understood by reference to the 

convection/microwave ovens have been used to cook frozen following specification in conjunction with the accompany- 

food products, such as biscuits, pies and other bakery goods, ing drawings, in which like reference characters denote like 

dark spots and other non-uniformities often form on the food elements of structure and: 

product. Food products with dark spots are unsightly and, FIG. 1 is a perspective view of a combination convection/ 

therefore, unpalatable to customers. 35 microwave oven of the present invention; 

The dark spots are formed due to non-uniform energy piG. 2 is a view along line 2 — 2 of FIG. 1: 

transfer to and within the food product during the cooking FIG. 3 is a view along line 3—3 of FIG. 1 

process. The temperature of a frozen food product, for m ^ A . . , 0 A A „^ T ^ „ 

example, can be non-uniform due to conditions existing in FIG. 4 is a view along line 4^ of FIG. 1; 

the freezer, to non-uniformity of the food product itself, to 40 FIG. 5 is a block diagram of the controller of the oven of 

the package that contains the food product and/or to condi- FIG. 1; and 

tions that occur in the oven. When thawing and/or cooking FIGS. 6 and 7 depict cook cycles of the oven of FIG. 1. 
a frozen food product in prior art ovens, the bottom of the 

product is wanned by the direct impingement of the micro- DESCRIPTION OF THE INVENTION 

wave energy. However, the top and sides of the food product 45 Referrm tQ mGS t ^ 2 an oyen 20 has aQ eoclosure 

are being warmed by the heated airflow. The frozen food 22 ^ houses a cooki chamber 24 a boUom chamber 26 

product cools the heated airflow so as to affect the cooking and a ^ chamber ^ Qx)ki chamber 24 indudes a 

or thawing temperature of the top and sides. This effect is boUom 3Q a 32 a ^ of sides ^ ^ M ^ a back 38 

known as the chill factor as it is .similar to the wind chill A fack sion tem 40 indndes brackets 42 mat are 

factor produced by wind on a cold day. As the food product 50 ^ ^ ^ ^ 3fi Rack sion tem 40 

continues to thaw and then to cook, the sides and top remain hokJs a fack 43 at a fa aboye boUom 3Q 

cooler than the bottom and, thus, enhance the formation 01 r ^ , 

the dark spots or other indications of non-uniform cooking. Referring to FIGS. 2 and 4 bottom chamber 26 contains 

AI1 . 4 . „ t l-4- *-/ a source of microwave energy 44 that mcludes a microwave 

Additionally, prior art combination convection/ A . . -I c j- 

" v . 4 . c , 4 « emitter 45 and a wave guide 46 for directing microwave 

microwave ovens require the use of microwave transparent 55 . & . & 

. . . . , . . ... - energy from microwave emitter 45 to cooking chamber 24 

cooking containers, such as those made with ceramic or . &J AO . , _ & 

glass. Tlus reduces the flexibility of means of thermal via a ° 0 P WU, W 48 m , bo,tom M J „ . j . . j 

transfer and may affect the characteristics of tbe cooked Referring to FIGS. 2 and 3, a blower 50 is mounted in side 

products chamber 28 to blow a heated airflow 57 (solid arrows in FIG. 

Thus/ there is a need for a combination convection/ « 2) into cooking chamber 24 via an opening 52 in sMe 34 

, .,, t , i j thereof. In particular, blower 50 is mounted to side 34 with 

microwave oven that can rapidly thaw, cook and possibly . ' , . , , i. ✓ . x 

brown food products with increased uniformity of interior a J1 moun "" g . P 1 ?' 6 , 54 su, , table fastenels ^ shown ^ 

, « - Blower 50 mcludes a thermal energy source or heater 56 

and exterior properties. , t . . r „ „ t . _ &J __ 

(shown only in MG. 5) to heat airflow 57. 

SUMMARY OF THE INVENTION 65 Hea ted airflow 57 travels across cooking chamber 24 and 

A combination microwave and convection oven of the is reflected by side 36 back to upper return ports 58 and 

invention cooks a food product with microwave energy from lower return ports 60 in side 34. Heated airflow 57 heats by 
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convection the sides and tops of food products 62 contained 
in a shallow pan or other cooking container 64 situated on 
rack 43. Alternatively, in the case of some food products, 
such as pizza, food products 62 can be cooked directly on 
rack 43. Food products 62, may be any food product. 5 
However, the invention is especially suitable for cooking 
frozen food products, such as bakery products like biscuits, 
buns, muffins, pizzas, pies and the like. 

Microwave energy 66 (dashed arrows in FIG. 2) is 
directed upward from opening 48 in bottom 30 in a generally 10 
cone shaped pattern. Whether cooking with or without pan 
64, microwave energy 66 is reflected by top 32, sides 34 and 
36, back 38 and bottom 30 of cooking chamber 24 to 
impinge upon food products on their sides and tops. 

A feature of the invention is that pan 64 can be either 15 
microwave transparent or reflective (e.g., metallic) and held 
by rack suspension system 40 on rack 43 in the near field of 
microwave energy 66. That is, the location or height h of pan 
64 is selected so that pan 64 is within the generally conical 
pattern. If a microwave reflective pan is used, microwave 20 
energy 66 is both reflected by the bottom of pan 64 and also 
directed by the edges of pan 64. Microwave energy 66 also 
heats the bottom of pan 64, which transfers the heat to the 
bottoms of food products 62. 

It has been discovered that the height h from the top of 
microwave energy source 44 to the top of rack 43 is 
important for cooking with a microwave reflective pan. The 
height h should be in the range of about 2.5 inches to about 
3.5 inches, more preferably about 2.75 inches to about 3.25 ^ 
inches, and most preferably about 2.875 inches. 

Referring to FIG. 5, a controller 70 includes a processor 
72 and a memory 74 interconnected by a computer bus 76. 
Blower 50, microwave source 44, thermal heater 56 and a 
temperature sensor 78 are also interconnected with proces- 35 
sor 72 via computer bus 76. Temperature sensor 78 may, for 
example, be located in cooking chamber 24 or in side 
chamber 28 to sense the temperature of the heated airflow 
57. 

Memory 74 includes a cooking procedure 80 that is 40 
executed by processor 72 to control the cooking of food 
products 62. To this end, cooking procedure 80 causes 
processor 72 to operate blower 50, thermal heater 56 and 
microwave source 44 according to a selected cooking pro- 
cess. In prior art cooking processes, blower 50 has been 45 
operated continuously over the cook cycle of the cooking 
process, while microwave source 44 has been operated to 
control the intensity of microwave energy 66 throughout the 
cooking process. 

It has been discovered that the cooking process is 50 
improved by a blower procedure 82 that is executed with 
cooking procedure 80 so as to control the thermal charac- 
teristics of the convection heat. This is accomplished by 
synchronizing thermal heater 56 and blower 50 and control- 
ling them with temperature and/or time. Thus, the tempera- 55 
hire and intensity of airflow 57 can be controlled to have a 
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gentler effect on food products 62. Blower procedure 82 is 
particularly suited to the cooking of frozen food products to 
control and make the temperature of food products 62 more 
uniform during the cook cycle. For example, the chill factor 
can be controlled by the intensity or velocity of airflow 57. 

An aspect of blower procedure 82 is a soak interval that 
is a period of time during the cook cycle in which blower 50 
is turned off. Also, microwave energy source 44 can be 
turned off during the soak cycle, independently and alter- 
natively with turning off the thermal energy source 56 or 
blower 50. The soak interval occurs after food products 62 
have been cooked with microwave energy 66 and heated 
airflow 57 for a portion of the cook cycle. During the soak 
interval, the temperature within food products 62 equili- 
brates or becomes more uniform. The soak interval has been 
found to substantially eliminate the formation of dark spots 
on bakery products. 

A cooking procedure 80 that utilizes blower procedure 82 
is illustrated by the time diagram depicted in FIG. 6. The 
cook cycle is from time T 0 to time T D . From T 0 to a time T l9 
microwave source 44, blower 50 and thermal heater 56 are 
operated to continuously heat food products 62 by convec- 
tion and radiated microwave energy. At T A a soak interval 84 
begins and continues to time T D . Blower 50 and thermal 
heater 56 are turned off during soak interval 84. Microwave 
source 44 can either be on or off during soak interval 84. 

Soak interval 84 can be inserted at various points in the 
cook cycle. For example, FIG. 6 shows soak interval posi- 
tioned to end at time T^,. As another example, FIG. 7 shows 
soak interval 84 positioned to end at a time T 2 that is prior 
to time T^. 

The present invention having been thus described with 
particular reference to the preferred forms thereof, it will be 
obvious that various changes and modifications may be 
made therein without departing from the spirit and scope of 
the present invention as defined in the appended claims. 

What is claimed is: 

1. A combination microwave and convection oven in 
which a food product situated on a rack is cooked by energy 
from a microwave energy source and by a heated airflow that 
is produced by a thermal energy source and a blower, said 
microwave energy source being disposed in a bottom of the 
oven below said rack, said oven comprising: 

a support means that holds said rack in the near field of 
said microwave energy, whereby said food product is 
cooked by direct and reflected microwave energy and 
convection of the heated airflow, wherein said support 
means holds said rack at a height in a range of about 25 
inches to about 3.5 inches above a top of said micro- 
wave energy source. 

2. The oven of claim 1, wherein said height is about 2.875 
inches. 

3. The oven of claim 1, wherein said food product is 
situated in a microwave reflective pan on said rack. 

* * * * * 



